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RSHUDWLRQDODQGPDLQWHQDQFHUHTXLUHPHQWV>@$SSURSULDWHYDOYHVHOHFWLRQLVGHSHQGHQWRQFRPSOHWHNQRZOHGJHRI
WKHUHTXLUHGIXQFWLRQDQGWKHVHUYLFHFKDUDFWHULVWLFV
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
$V WKHRSHUDWLQJSUHVVXUHZLWKLQDYDOYHUHDFKHV WKHVHWSUHVVXUH WKHVHQVLWLYLW\RII WKHYDOYHRSHQLQJSULRU WR
UHDFKLQJDQHTXLOLEULXPVHWSUHVVXUH RSHUDWLQJSUHVVXUHLQFUHDVHV7REHDEOHWRVHDOWKHYDOYHXSWRRIWKH
VHWSUHVVXUHDQGKLJKHUUHTXLUHVUHVHDUFKLQWRWKHOHDNWLJKWQHVVRIWKHYDOYH
:KHQFKRRVLQJDYDOYHLWKDVEHHQUHFRPPHQGHGWRIDFWRULQWKHOHDNDJHVLQFHOHDNWLJKWQHVVKDVDGLUHFWHIIHFW
RQWKHRSHUDWLRQDODQGPDLQWHQDQFHUHTXLUHPHQWV>@'HSHQGLQJRQWKHVHUYLFHHVSHFLDOO\LIWKHIOXLGLVKD]DUGRXV
WRKXPDQVRUWKHHQYLURQPHQWWKHOHDNWLJKWQHVVLVRIWKHKLJKHVWLQWHUHVW5HJDUGOHVVIRUDQ\VHUYLFHFKDUDFWHULVWLF
DQG IXQFWLRQ WKH OHDN WLJKWQHVVZLOO KDYH D GLUHFW HIIHFW RQ WKH RYHUDOO SUHVVXUH RI WKH V\VWHP WKHUHIRUH WKH OHDN
WLJKWQHVVLVHTXLWDEOHWRDGLUHFWFRVWLQRSHUDWLRQVDQGPDLQWHQDQFH
7KLVSDSHUDWWHPSWVWRWU\DQGLGHQWLI\WKHFXUUHQWXQGHUVWDQGLQJDQGWHFKQRORJLFDONQRZOHGJHRIOHDNWLJKWQHVV
RIPHWDOWRPHWDOFRQWDFWYDOYHVLQSDUWLFXODU3UHVVXUH5HOLHI9DOYHV359:LWKLQD359WKHVHDWDQGGLVFZRXOG
EHLQFRQWDFWDQGZRXOGFRQVWUDLQWKHIOXLGDVVKRZQLQ)LJ5HVHDUFKLQWKLVILHOGLQGLUHFWUHODWLRQWRYDOYHVLV
VFDUFH+RZHYHU LQVSLUDWLRQ FDQEH GUDZQ IURP UHOHYDQW ILHOGV VXFK DVPHWDOWRPHWDO FRQWDFW DQGJDVNHW VHDOV
:KHQ WKHVH FRQWDFWLQJ VXUIDFHV FRPH LQ FRQWDFW LQSDUDOOHO WR HDFKRWKHU D ILQLWHJDSRUSDWK LVSUHVHQWZKLFK LV
GLFWDWHGE\WKHVXUIDFHILQLVKVXFKDVSURILOHURXJKQHVVZDYLQHVVIODWQHVVHWF6XEVHTXHQWO\LI WKHUHLVDGULYLQJ
LQWHUQDOSUHVVXUHWKHIOXLGFDQSDVVWKURXJKWKHSDWKDQGH[LWWKHYDOYH,WKDVEHHQVWDWHGWKDWWKHPLQLPXPOHDNDJH
UDWHZKLFKFDQEHREWDLQHGIRURQHWLPHVHDODSSOLFDWLRQVLVµOHVVWKDWDWPRVSKHULFFFVHFRIKHOLXP¶>@
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+HUWV 7KHRU\ >@
HODVWLFSHUIHFWO\SODVWLF>@DQGSHUIHFWO\SODVWLFULJLG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7RYHULI\WKHOHDNDJHUDWHH[SHULPHQWDOO\%ULWLVK$60(DQG$3,VWDQGDUGVFDQEHXVHG5HFHQWH[SHULPHQWDO
ZRUN E\ +DUX\DPD et al >@ DQG *HRIIUR\ DQG 3UDW >@ KDV VKRZQ SURPLVLQJ PHWKRGV RI GHWHFWLQJ DQG
TXDQWLI\LQJOHDNDJHDQGLWVOLQNWRWKHWUDQVPLVLPLYW\DQGGLIIXVLYLW\WHQVRUV.DQG'
0RUHVSHFLILFUHVHDUFKLQWR359OHDNDJHZKLFKGHWUDFWVIURPVXUIDFHILQLVKKDVEHHQFRQGXFWHGE\5LWFKLH>@
ZKLFKH[DPLQHVWKHHIIHFWRIPLVDOLJQPHQWRIWKHYDOYHDQGLWVHIIHFWRQSUHVVXUHGURS
&RPSXWDWLRQDOO\ WRPRGHODZKROHVHDWDQGGLVFRID359ZLWK WKHVXUIDFH URXJKQHVVDQGZDYLQHVVZRXOGEH
SRVVLEOHEXWLQWHQVLYHDQGRWKHUWHFKQLTXHVVXFKDVPXOWLVFDOHPRGHOOLQJ>@FRXOGEHFRQVLGHUHGLQVWHDG
+HUHLQWURGXFHWKHSDSHUDQGSXWDQRPHQFODWXUHLIQHFHVVDU\LQDER[ZLWKWKHVDPHIRQWVL]HDVWKHUHVWRIWKH
SDSHU7KHSDUDJUDSKVFRQWLQXHIURPKHUHDQGDUHRQO\VHSDUDWHGE\KHDGLQJVVXEKHDGLQJVLPDJHVDQGIRUPXODH
7KHVHFWLRQKHDGLQJVDUHDUUDQJHGE\QXPEHUVEROGDQGSW+HUHIROORZVIXUWKHULQVWUXFWLRQVIRUDXWKRUV
/HDNDJHIOXLGIORZDVVXPSWLRQV
'HSHQGLQJ RQ WKH VHUYLFH FKDUDFWHULVWLFV WKH IOXLG W\SH DQG FKDUDFWHULVWLFV VXFK DV SUHVVXUH WHPSHUDWXUH DQG
FRQWDPLQDQWV ZLOO YDU\ *HQHUDOO\ KLJK SHUIRUPDQFH YDOYHV ZLOO EH FDSDEOH RI ZLWKVWDQGLQJ FRPSUHVVLEOH DQG
LQFRPSUHVVLEOH1HZWRQLDQIOXLGVZKLFKUDQJHIURPͼ&WRͼ&DQGSUHVVXULVHGXSWREDU>@
$VVXPLQJWKHYDOYHKDVQRWRSHQHGDQGWKHVHDWDQGGLVFLVLQFRQWDFWRQO\WKHVXUIDFHGHIRUPDWLRQVDWDPLFUR
VFDOHIRUPDQDSHUWXUHILHOGWKURXJKZKLFKWKHIOXLGFDQHVFDSHRXWZLWKWKH359
,QSUHYLRXVVWXGLHV>@RQJDVNHWVYDOYHVDQGPHWDOVXUIDFHFRQWDFWVWKHIOXLGIOX[KDVEHHQDVVXPHGWR
EH ODPLQDU DQG HLWKHU YLVFRXV LVRWKHUPDO FRPSUHVVLEOHLQFRPSUHVVLEOH DQG HTXDWHG XVLQJ 3RLVHXOOH /DZ qv
YROXPHWULFIORZUDWHSHUXQLWZLGWKLQ(TRUGLIIXVLYHHTXDWHGXVLQJ)LFN¶VODZqdYROXPHWULFIORZUDWHSHU
XQLWZLGWKLQ(TDVVKRZQEHORZ
vq pP
  'K   
dq cU  D   
ZKHUHȝLVWKHYLVFRVLW\pLVWKHIOXLGSUHVVXUHȡLVWKHGHQVLW\ LVWKHPROHFXODUGLIIXVLRQFRHIILFLHQWDQGcLVWKH
PDVV IUDFWLRQRI WKH VSHFLHVK DQGD DUH UHVSHFWLYHO\ WKH WUDQVPLVVLYLW\DQGGLIIXVLYLW\ WHQVRUV7KHVHDOORZ WKH
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WKHVHWHUPVFDQEHGHVFULEHGDV
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ZKLFKLVDQH[WHQVLRQRIWKH3RLVHXLOOH¶V/DZIRUIOXLGIOX[WKURXJKDSDUDOOHOJDSZULWWHQDV
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ZKHUH ı LV WKH DFFRPPRGDWLRQ FRHIILFLHQWR LV WKH JDV FRQVWDQW T LV WKH WHPSHUDWXUH DQGKn2 LV WKH .QXGVHQ
QXPEHUDWWKHRXWOHW7KHVHFRQGPRUHVXEWOHDVVXPSWLRQKHUHLVWKDWWKHPLFURIOXLGIORZLVEDVHGRQWKHRXWOHWQRW
WKHLQOHW
5HSUHVHQWDWLRQRIVXUIDFHURXJKQHVVDWPLFURVFDOHDQGLWVHIIHFWRQIOXLGIORZSDWK
0LFURVFDOHJHRPHWU\RIDVXUIDFHSURILOHLVFKDRWLFLQQDWXUHPDNLQJLWLPSRUWDQWWREHDEOHWRUHSUHVHQWWKHDUHD
LQDQHIIHFWLYHIRUPVLQFHWKLVKDVDGLUHFWHIIHFWRQWKHJDSKHLJKWK7KHUHDUHPHWKRGVDYDLODEOHZKLFKPDNHLW
SRVVLEOHWRUHSUHVHQWWKHVXUIDFHURXJKQHVVRIDPRGHODWDPLFURVFDOHOHYHO7KHVHFDQEHLQWKHIRUPRIJHQHULF
VXUIDFHVVXFKDVDVLQXVRLGDOZDYHV>@RUYLEUDWLRQDO(LJHQPRGHV>@RUZHGJHV>@7KHUHDUHPRUHDQDO\WLFDO
PHWKRGVEDVHGRQWKHVXUIDFHDYDLODEOHVXFKDVWKHVXPVXUIDFH>@027,)SURFHGXUH>@DQGIUDFWDODQDO\VLV>
@ZKLFKDOOKDYHEHQHILWVDQGOLPLWDWLRQV7KHEHQHILWVDQGOLPLWDWLRQVDUHGLVFXVVHGEHORZDQGLWVHIIHFWRQWKH
JDSVL]H
7KHVXPVXUIDFHDOORZVWKHGLUHFWDQDO\VLVRI WZRFRQWDFWLQJVXUIDFHV7KLV WHFKQLTXHLVXVHGE\PDQ\DXWKRUV
DQGEDVHGXSRQDWKHRU\FUHDWHGE\7VXNL]RHDQG+LVDNDGR>@ZKLFKVWDWHVLWFDQEHDVVXPHGWKDWµWKHFRQWDFW
EHWZHHQ WZRURXJKVXUIDFHVFDQEHUHJDUGHGDV WKHHTXLYDOHQW WR WKHFRQWDFWEHWZHHQDQLPDJLQDU\URXJKVXUIDFH
KDYLQJDQDSSURSULDWHHIIHFWLYHWRSRJUDSK\DQGDSHUIHFWO\IODWVXUIDFH¶DQGµWKHFRQWDFWLQJDVSHULWLHVGHIRUPLQDQ
LGHDOSODVWLFPDQQHUVRWKDWSURYLGLQJQRLQWHUIHUHQFHIURPQHLJKERXULQJDVSHULWLHVRFFXUVDQGWKDWZRUNKDUGHQLQJ
GRHVQRWWDNHSODFH¶DVWKDWVKRZQLQ)LJ(VVHQWLDOO\WKHIODWVXUIDFHLVDVVXPHGULJLGSHUIHFWO\SODVWLFVXUIDFH
7KHVH DUH DFFHSWHG DQG DSSOLHG DVVXPSWLRQV LQ UHIHUHQFHV >  @7KHPDLQ OLPLWDWLRQZLWK WKH VXP VXUIDFH
WHFKQLTXHLVWKDWWKHDFWXDOVXUIDFHKDVWREHPHDVXUHGSK\VLFDOO\$IXUWKHUOLPLWDWLRQLVWKDWUHSUHVHQWDWLRQRIWKH
VXUIDFHLVJHQHUDOO\LQD'IRUPDWDQGDQµHIIHFWLYH¶JDSVL]HKKDVWREHFDOFXODWHGDQGLVJHQHUDOO\EDVHGRQDQ
DYHUDJHYDOXHVDVGHPRQVWUDWHGE\>@
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
)LJ6XPVXUIDFHWHFKQLTXHJHQHUDWLRQRIDQHTXLYDOHQWURXJKVXUIDFH%ODFNDUHDVLQGLFDWHPLFURFRQWDFWV>@
0RUHUHFHQWO\WKHVXUIDFHURXJKQHVVRIERWKODSSHGDQGVDQGEODVWHGVXUIDFHVKDVEHHQUHSUHVHQWHGDVVHOIDIILQH
IUDFWDO VXUIDFHVFRPELQHGZLWK WKHVXPVXUIDFH WHFKQLTXHFRQWDFWLQJDULJLGSHUIHFWO\SODVWLF IODW VXUIDFH>@%\
XVLQJ IUDFWDODQDO\VLV WKH VHOIDIILQH IUDFWDO VXUIDFH LVEDVHGRQ WZRSDUDPHWHUVDQG LVFUHDWHGXVLQJDSRZHU ODZ
8VLQJ WKLV WHFKQLTXH WKH VXUIDFH URXJKQHVV FDQ EH PRGHOOHG LQ ' UHSUHVHQWLQJ WKH ZKROH DSHUWXUH ILHOG '
UHSUHVHQWDWLRQFDQEHFUHDWHGXVLQJWKLVWHFKQLTXHEXWDQµHIIHFWLYHJDSVL]H¶KZRXOGKDYHWREHHPSOR\HGZKHQ
FDOFXODWLQJOHDNDJHUDWH9DOOHWet al.VKRZJRRGDJUHHPHQWZKHQFRPSDULQJWKHIUDFWDOVXUIDFHUHSUHVHQWDWLRQWRWKH
µUHDO¶VXUIDFHVIRUWKHODSSHGVXUIDFHV7KLVVKRZVWKDWIRUODSSHGVXUIDFHVVHOIDIILQHIUDFWDOVXUIDFHVFDQEHXVHGWR
JHQHULFDOO\ UHSOLFDWH VXUIDFHV DQG UHSUHVHQW WKH DSHUWXUH ILHOG 7KH PDLQ OLPLWDWLRQ RI WKLV PHWKRG LV WKDW WKH
PDWKHPDWLFV LV LQWHQVLYH DQG UHTXLUHV WKH XVH RI FRPSXWDWLRQDO SURJUDPV VXFK DV0$7/$% %\ PRGHOOLQJ WKH
ZKROHDSHUWXUHILHOGDOOSRVVLEOHIOXLGIORZSDWKVFDQEHUHSUHVHQWHGDQGPRUHDFFXUDWHJDSVL]HVWKURXJKWKHYDOOH\
DQGSHDNVFDQEHFDOFXODWHG
0LFURPDWHULDOGHIRUPDWLRQRIURXJKVXUIDFHVDQGLWVHIIHFWRQIOXLGIORZSDWK
:KHQWZRVXUIDFHVHDFKZLWK WKHLURZQXQLTXHURXJKQHVV¶VFRPHLQWRFRQWDFW WKHDFWXDOFRQWDFWDUHD LVPXFK
OHVV WKDQ WKHQRPLQDO DUHD7KHPDJQLWXGHRI WKH FRQWDFW DUHD LVGHSHQGHQWRQ WKH ORDG DSSOLHG6R WKH DFFXUDWH
GHIRUPDWLRQRIWKHVXUIDFHURXJKQHVV¶VLVRIJUHDWLPSRUWDQFHVLQFHWKHYRLGVEHWZHHQWKHVXUIDFHURXJKQHVV¶VLVWKH
JDSVL]H'RUDSHUWXUHILHOG ' WKURXJKZKLFK WKHIOXLGZLOO IORZ$OVRDVPDOOFKDQJHDWDPLFURVFDOHZLOO
UHYHUEHUDWHLQDODUJHUFKDQJHRYHUDPDFURVFDOH
7VXNL]RH DQG +LVDNDGR WKHRU\ HVVHQWLDOO\ DVVXPHV WKH IODW VXUIDFH LV ULJLGSHUIHFWO\ SODVWLF DQG WKH VXPPHG
VXUIDFHLVSHUIHFWO\SODVWLFDQGDVVDLGWKHVHDUHDFFHSWHGDQGDSSOLHGDVVXPSWLRQVLQUHIHUHQFHV>@
8VLQJVOLSOLQHILHOGWKHRU\0LWFKHOODQG5RZH>@KDYHLQFRUSRUDWHGWKHHIIHFWVRIWKHSHUIHFWO\SODVWLFLVRWURSLF
GHIRUPDWLRQ VWUXFWXUDO UHVSRQVH RI WZRGLPHQVLRQDOZHGJHV WR UHSUHVHQW WKH VXUIDFH URXJKQHVV LQ FRQWDFWZLWK D
ULJLGSHUIHFWO\SODVWLF IODW VXUIDFH ZKLFK LV EDVHG RQ WKH WKHRU\ GLVFXVVHG DERYH 7KH VOLS OLQH WKHRULHV PDLQ
OLPLWDWLRQ LV WKDW LW LV XVHG WR PRGHO SODVWLF GHIRUPDWLRQ LQ SODLQ VWUDLQ RQO\ IRU D VROLG UHSUHVHQWHG DV D ULJLG
SHUIHFWO\SODVWLFIODWVXUIDFH>@,WLVVKRZQWKDWIRUDOOFRQWDFWSUHVVXUHVWKHUHLVDVSHFLILFGHIRUPHGZHGJHDQJOH
IRXQGDQGFUXFLDOO\WKHUHLVDSRLQWDWZKLFKDPD[LPXPOHDNDJHUDWHIRUVSHFLILFZHGJHDQJOHRYHUWKHVHDWOHQJWK
7KHOLPLWDWLRQVRIWKHILQGLQJVDUHFRQFXUUHQWZLWKWKHIOXLGIORZDVVXPSWLRQVDERXWWKHJDSVL]HDQGWKHVLPSOLILHG
UHSUHVHQWDWLRQRIWKHVXUIDFHURXJKQHVV
$VVXPLQJDVLPSOLVWLFEXWHIIHFWLYHVLQXVRLGDOVKDSHJHRPHWU\WRUHSUHVHQWWKHVXUIDFHURXJKQHVVLQFRQWDFWZLWK
D IODW VXUIDFH >@ LW LV VKRZQ WKDW DV WKH ORDGRQ WKHJDVNHW LV LQFUHDVHG WKH LQFRPSUHVVLEOH IOXLG IORZVIURPD
UDGLDOGLUHFWLRQWRDFLUFXPIHUHQWLDOVSLUDOIOXLGIORZWKURXJKWKHYDOOH\VDVVKRZQLQ)LJ,W LVDOVRVKRZQWKDW
WKHUHLVDYHU\VPDOOUHJLRQRYHUZKLFKWKHWUDQVLWLRQIURPFLUFXPIHUHQWLDO WRUDGLDORUYLFHYHUVDRFFXUVDQGWKH
GLIIXVLYHDQGYLVFRXVIORZVDUHPL[HG,WLVFRQFOXGHGWKDWWKHUDGLDOOHDNDJHZKLFKLVUHODWHGWRWKHWUDQVPLVVLYLW\
WHQVRULVRIPRVWFULWLFDOVLQFHLWLVYHU\VHQVLWLYHWRWKHJDSVL]H+RZHYHUWKLVWKHRU\FDQRQO\EHYDOLGIRUVXUIDFHV
ZKLFKGHSLFWDSUHGRPLQDQWO\VLQXVRLGDOVKDSHFRQWDFWLQJDIODWIDFH

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
)LJ,OOXVWUDWLRQRIWKHFUHVWDQGYDOOH\VLQXVRLGDOUHSUHVHQWDWLRQDQGWKHIOXLGIORZSDWKLQHLWKHUDUDGLDORUFLUFXPIHUHQWLDO
PDQQHU>@
$QRWKHUDQDO\WLFDO WHFKQLTXHZKLFKDFFRXQWVIRUHODVWLFGHIRUPDWLRQLV WKH+HUW] WKHRU\>@7KH+HUW]HODVWLF
GHIRUPDWLRQWKHRU\LVRQO\DSSOLFDEOHIRUVXUIDFHVZLWKSXUHO\VSKHULFDODSHUWXUHFRQWDFWLQJVKDSHV,WLVHPSOR\HG
E\0DQet al.>@IRUWZR'UDQGRPURXJKVXUIDFHVLQFRQWDFW$VWKHWZRURXJKVXUIDFHVFRPHLQWRFRQWDFWDQG
GHIRUPGXHWRWKHORDGLQJDSSOLHGWKHOHDNDJHSDWKWKURXJKWKHDSHUWXUHILHOGLVGLFWDWHGE\WKHODUJHVWJDSIURPRQH
HQG RI WKH VSHFLPHQ WR WKH RWKHU DQG LV FDOFXODWHG XVLQJ D µUHFRJQLWLRQ DOJRULWKP¶ )LJ  7KLV IOXLG IORZSDWK
UHFRJQLWLRQLVDVLPSOLVWLFEXWHIIHFWLYHWKHRU\WRDOORZRQHWRXQGHUVWDQGLIWKHPLFURFRQWDFWXQGHUVSHFLILFORDGV
ZLOOHLWKHUOHDNRUQRWIRUDPDWHULDO


)LJ5HFRJQLWLRQDOJRULWKPGLDJUDPRIOHDNSDWKLGHQWLILFDWLRQZKHUHLVQRJDSDQGLVWKHIOXLGIORZSDWK>@
0DFURVFDOHGHIRUPDWLRQDQGLWVHIIHFWLQIOXLGIORZSDWK
8VLQJ)LQLWH(OHPHQW$QDO\VLV)($$16<6*RUDVKHWDO>@KDYHVKRZQWKDWDWDPDFURVFDOHWKHFRQWDFW
OHQJWKRIWKHVHDWDQGGLVFRID359LVUHGXFHGDQGLVIXUWKHUH[DVSHUDWHGGXHWRF\FOLFRSHQLQJDQGFORVLQJRIWKH
YDOYH*RUDVKHWDODVVXPHGWKHFRQWDFWIRUFHWREHQRUPDOWRWKHIDFHRIWKHVHDWDQGGLVFPRGHOOHGDV'8VLQJ
HOHPHQWV3/$1(6HDWDQGGLVFPRGHO&20%,1VSULQJ&217$VHDWFRQWDFWDQG7$5*(GLVF
FRQWDFWDQGDVVXPLQJWKDWIRUDJDVDQGOLTXLGWKHIOXLGIORZSUHVVXUHDFWLQJRQWKHVHDWDQGGLVFLVSDUDEROLFDQG
OLQHDU UHVSHFWLYHO\ WKH\KDYH VKRZQ WKDW WKHRQFH WKH VSULQJSUHORDG DQG WKH LQWHUQDO VHWSUHVVXUH LV DSSOLHG WKH
FRQWDFW HGJHVRI WKHGLVFEHFRPHSODVWLFV IRU DPRQRWRQLFPDWHULDO UHVSRQVH7KLVSODVWLF UHVSRQVHRI WKH VHDW LV
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H[DVSHUDWHGWRZDUGVWKHPLGGOHRIWKHGLVFZKHQF\FOLFPDWHULDOUHVSRQVHLVFRQVLGHUHG7KLVHVVHQWLDOO\PHDQVWKH
IOXLGIORZSDWKLVLQFUHDVHGHIIHFWLYHFRQWDFWDUHDDQGOHQJWKZRXOGUHGXFHPHDQLQJDKLJKHUOHDNDJHUDWH
([SHULPHQWDOOHDNDJHUDWH
7KHFRPPRQZD\WRFDOFXODWHWKHOHDNDJHUDWHRID359LVEDVHGRQ%ULWLVKVWDQGDUGV$3,VWDQGDUGVRU$60(
VWDQGDUGV7KLVPHWKRGUHTXLUHVWKH359WREHVHWWRRILWVVHWSUHVVXUHXVLQJDJDV7KHRXWOHWRIWKH359LV
FORVHGRIIZLWKDSLSHDWWDFKHGWRH[SHOWKHLQFUHDVHLQSUHVVXUHLHOHDNDJHLQVRPHZDWHULQWKHIRUPRIEXEEOHV
7KHOHDNDJHKDVWREHOHVVWKDQDVSHFLILHGDPRXQWIRULWWREHXVHGLQVHUYLFH
%DVHG RQ WKH DYHUDJH VXUIDFH URXJKQHVV WKHUH KDYH EHHQ DWWHPSWV WR UHODWH WKLV WR WKH OHDNDJH UDWH WKURXJK D
JDVNHW+DUX\DPDHW DO >@FUHDWHGDQH[SHULPHQWZKLFKTXDQWLILHG WKH OHDNDJH UDWHRIKHOLXP WKURXJKDEROWHG
IODQJHZLWK D QHZ JDVNHW SODFHG EHWZHHQ 7KH\ FRQFOXGHG WKDW WKH OHDNDJH UDWH LV KLJKHVW IRU URXJK VXUIDFHV RI
5D ȝPZKHQDORZORDGIRUFHLVDSSOLHG:KHQDPD[LPXPRI03DRIIRUFHLVDSSOLHGRQWKHIODQJHWKHQ
OHDNDJHUDWHLVWKHOHDVWDQGLVVLPLODUIRUDOO5D¶VEHLQJDQGȝP+RZHYHUWKHPDWHULDOSURSHUWLHVRIWKH
JDVNHW DQG WKH IODQJH DUH QRW NQRZQ DQG VR OLQNV EHWZHHQ WKH PDWHULDO GHIRUPDWLRQ DQG OHDNDJH LV GLIILFXOW WR
FRPPHQWRQ
$QRWKHUPHWKRGXVHGE\0DULHDQG/DVVHX[>@DOORZVTXDQWLILFDWLRQRIOHDNDJHIORZRIVROYHQWVDWDPLFURRU
QDQRVFDOHWKURXJKDURXJKPHWDOFRQWDFWIRUERWKYLVFRXVDQGGLIIXVLYHIOXLGIORZVHSDUDWHO\IRUFRQWDFWSUHVVXUHV
XS WR 03D 8VLQJ WKH OHDNDJH UHVXOWV (TXDWLRQV  WKH\ KDYHPDQDJHG WR ILQG WKH GLIIXVLYH DQG YLVFRXV
SURSHUWLHVIURPZKLFKWKHHIIHFWLYHJDSVL]HKDVEHHQHVWLPDWHG
359VSHFLILFLVVXHVUHODWLQJWROHDNDJH
1RZWKDWDQXQGHUVWDQGLQJRIWKHZRUNFXUUHQWO\FRPSOHWHGRQPLFURGHIRUPDWLRQDQGLWVHIIHFWRQOHDNDJHKDV
EHHQDQDO\VHGLWLVLPSRUWDQWWRFRQVLGHUIDFWRUVZKLFKDUHXQLTXHWRD359YDOYHZKLFKFRXOGDOVRFDXVHLWWROHDN
'HSHQGLQJRQWKHGHVLJQRIWKHYDOYHRQHLVVXHZKLFKKDVEHHQKLJKOLJKWHGLVWKDWWKHJXLGHSLQFDQEHGLVSODFHG
HDVLO\ZKLFKFDXVHVWKHVHDWWRURWDWHRUGLVSODFH7KLVURWDWLRQGLVSODFHPHQWRIWKHVHDWFDXVHVWKHYDOYHWROHDNDQG
VXEVHTXHQWO\ WKH VHW SUHVVXUH GHFUHDVHV 5LWFKLH >@ H[DPLQHG WKLV LVVXH DQG FUHDWHG DQ DQDO\WLFDO PRGHO WR
XQGHUVWDQGWKHUHGXFWLRQRIVHDWSUHVVXUHGXHWRWKHPLVDOLJQPHQWDQJOHRIWKHVHDW$VVXPLQJWKHYDOYHOHDNVRQO\
ZKHQWKHVHWSUHVVXUHKDVEHHQUHDFKHGLWZDVVKRZQWKDWIRUDGLVFZLWKUDGLXVRIPPDQG1RIDSSOLHG
IRUFHRQWKHVHDWWKHVHWSUHVVXUH36,GHFUHDVHVE\IRUDPLVDOLJQPHQWRIGHJUHHVIRUWKHVHDW
6XPPDU\DQGGLVFXVVLRQ
$VLWKDVEHHQVKRZQSUHYLRXVDQDO\WLFDOZRUNDFFRXQWVIRUWKHJDSKHLJKWHLWKHULQWKHIRUPRIhRUhAIRUD
SDUDOOHOJDS7KLVLVPDLQO\EHHQDFFRXQWHGIRURQO\ODPLQDUYLVFRXVLQFRPSUHVVLEOHFRPSUHVVLEOHRUGLIIXVLYHIORZ
WKURXJKWKHDSHUWXUHILHOGZLWKPRUHUHFHQWZRUNLQDFFRXQWLQJIRUWKHUDUHIDFWLRQRIWKHIORZ+RZHYHUWKHSDUDOOHO
JDSDVVXPSWLRQLVOLPLWHGWRVPDOODVSHULWLHVhا ODQGWKHUHKDVWREHDQµHIIHFWLYH¶KHLJKWXVHGIRUD'VXUIDFH
PRGHOZKLFK LVJHRPHWULFDOO\ UHSUHVHQWHGDV VLPSOH VXUIDFHV:KLOH IRU D'VXUIDFHPRGHOV FRPSXWHUSURJUDPV
VXFK DV0$7/$% RU HTXLYDOHQW FDQ EH XVHG WRPRGHO ODSSHG VXUIDFHVZLWK KLJK DFFXUDF\ DV VHOIDIILQH IUDFWDO
VXUIDFHVEXWDUHH[WHQVLYH
,QUHDOLW\7VXNL]RHDQG+LVDNDGRDQGWKHVOLSOLQHWKHRU\LVQRWFRPSOHWHO\YDOLGIRUPXOWLSOHDVSHULW\FRQWDFWV
GHPRQVWUDWHGE\8SSDODQG3UREHUW¶V>@H[SHULPHQW7KH\VKRZHGWKDWIRUDPXOWLSOHDVSHULW\VXUIDFHLQFRQWDFW
ZLWKDKDUGHUIODWVXUIDFHXQGHUDKLJKORDGWKHVKDOORZHUYDOOH\VGRULVHP±PZKLOHGHHSYDOOH\VGR
QRWZKLOH7VXNL]RHDQG+LVDNDGRWKHRU\FRQVLGHUVQRPRYHPHQWLQWKHYDOOH\V6RWKHUHLVDQHOHPHQWRIHODVWLF
EHKDYLRXUDQGSODVWLFVWUDLQKDUGHQLQJRFFXUULQJZKLFKZRXOGKDYHWREHFRQVLGHUHG
,QVWHDG RI DQDO\WLFDO WHFKQLTXHV WR GHVFULEH WKH GHIRUPDWLRQ RI WZR URXJK VXUIDFHV )($ SURJUDPV VXFK DV
$16<6FRXOGEHXWLOL]HG WRGHVFULEHHODVWLFSHUIHFWO\SODVWLF LQWHUIDFHGHIRUPDWLRQDVVKRZQE\0HJDOLQJDPDQG
0D\XUDP>@7KH)($ZRXOGUHTXLUHVRPHIRUPRIYHULILFDWLRQRIGHIRUPDWLRQDFFXUDF\EXWLIDFKLHYHGWKLVPD\
DOORZDPRUHDFFXUDWHUHSUHVHQWDWLRQRIWKHIOXLGIORZSDWK
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$WKHRU\FUHDWHGE\3UDWDQG*HRIIUH\WLHVWROLQNWKHGLIIXVLYHDQGFLUFXPIHUHQWLDOIOXLGIORZWRHLWKHUUDGLDORU
FLUFXPIHUHQWLDO EXW KDV QRW EHHQ YHULILHG DQG LV RQO\ DSSOLFDEOH WR SUHGRPLQDQW VLQXVRLGDO VKDSHG VXUIDFHV LQ
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